In the last few years amine-boranes and related base-stabilised borane adducts have been shown to produce rich chemistry in which metal catalysed dehydrocoupling processes are involved.
1
During some of these reactions the B-H bonds of the amine borane establish an initial interaction with the metal centre to form complexes exhibiting Z 1 or Z 2 coordination modes, undergoing thereafter subsequent reactivities. 1a,2 Dehydrogenation of amine-boranes has been mainly focused on the production and release of dihydrogen and on the generation of amino-boranes that can undergo further dimerization, oligomerization or polymerization processes. 1,2j,3 Less attention has been paid to the production of other boranes, through boron-boron coupling 4 or the formation of diaminoboranes, (NR 2 ) 2 BH. 5 With regard to the latter process, only a couple of catalytic processes have been reported by Alcaraz and Sabo-Etienne, using ruthenium 5a, c and by Hill, 5b with calcium and magnesium based catalysts to produce the corresponding diaminoboranes. Catalyst loadings of 2.5% (Ru, Ca, Mg), together with long reaction times (Ru), and even heating (Ca, Mg) were required. In this communication we wish to report a very efficient platinum(II) complex that promotes diaminoborane formation at a catalyst loading of 0.5% in a few minutes for most of the substrates tested. In addition, we have been able to characterise by means of X-ray diffraction studies the first Shimoi-type Z 7 During NMR mechanistic studies, we observed that bis(dimethylamino)borane (NMe 2 ) 2 BH is also formed in small amounts and its yield increases as the concentration of free NMe 2 H in the reaction media increases. Therefore, we analysed the ability of complex 1 to act as a catalyst for the formation of diaminoboranes.
We have first studied the benchmark reaction of tert-butylamineborane ( t BuNH 2 ÁBH 3 ) and 1 equiv. of tert-butylamine ( t BuNH 2 ) in CD 2 Cl 2 , using a catalyst loading of 0.5% (Scheme 2). The reaction was monitored both by NMR spectroscopy and by measuring the increase of gas pressure in a closed system due to the generated H 2 (see the ESI † At the very end of the reaction, the catalyst remained the cyclometalated species 1, but is slowly hydrogenated into complex
Other amine-boranes were tested under identical reaction conditions to form symmetrical diaminoboranes. Diethylamine-borane was also shown to be efficiently dehydrogenated in ca. 10 min in the presence of 1 equiv. of NEt 2 H and catalyst 1 (TON = 400, TOF = 2400 h
À1
). On the other hand, pyrrolidine-borane (CH 2 ) 4 NHÁBH 3 required longer reaction times (2 h) to be converted into [(CH 2 ) 4 Asymmetrical diaminoboranes are challenging substrates to be produced catalytically in a selective manner. Hill et al. have recently reported a method for the preparation of this type of substance using group 2 metal catalysts.
5b Although in most of the cases the reaction proceeds with excellent selectivities, long reaction times (24-92 h) and mild heating are usually necessary. Complex 1 has shown very good catalytic behaviour in the formation of unsymmetrical diaminoboranes (Scheme 3). The reaction of
With regard to the mechanism by which these transformations occur, it has been previously shown that dehydrogenation of amine-boranes NR 2 HÁBH 3 leading to the corresponding aminoboranes NR 2 BH 2 is a key step.
5 Previously, we have reported that complex 1 is able to dehydrogenate NMe 2 HÁBH 3 into NMe 2 BH 2 (that then dimerises) through a distinct mechanism that involves a first step in which the amine-borane interacts with the platinum atom through the BH protons (complex 3a in Scheme 4) followed by nucleophilic addition of free amine present in solution to the activated boron atom. 7 According to DFT calculations the most stable coordination mode of the BH 3 moiety is Z 1 -BH (Shimoi type complex) but, unfortunately, no experimental evidence for this Scheme 2 Catalytic synthesis of symmetric diaminoboranes. 10 This value is smaller than that observed in dimethylamine-borane 3a (103 Hz) suggesting that the interaction with the platinum atom is stronger. The 11 B NMR spectrum shows a signal at À18.2 ppm that is shifted with respect to free amine-borane (À21.1 ppm). All these data agree well with the formulation of 3b as depicted in Scheme 4. 11 Unfortunately, the instability of 3a and 3b due to their propensity to undergo dehydrocoupling precluded their isolation as pure compounds and further characterization. To avoid this problem, tertiary amine-borane NMe 3 ÁBH 3 was used. However, no interaction with 1 was observed, probably due to steric constrains, thus allowing the establishment of a correlation between the bulkiness of the amine-borane and its interaction with 1 (stronger interaction:
t BuNH 2 ÁBH 3 4 NMe 2 HÁBH 3 4 NMe 3 ÁBH 3 ). Consequently, the less hindered Lewis base stabilised borane C 6 H 5 NÁBH 3 was a judicious choice. This borane reacts with 1 to yield 3c (Scheme 5) quantitatively by NMR spectroscopy. The main feature of 3c is the broad NMR signal centred at 1.25 ppm attributed to the BH 3 protons (2.55 ppm in free C 6 H 5 NÁBH 3 ). The 11 B{ 1 H} spectrum exhibits a signal at À8.9 ppm, nearly 3 ppm down-field shifted with respect to C 6 H 5 NÁBH 3 . The apparent coupling constant 1 J B,H is ca. 85 Hz, that is, 12 Hz smaller than in free C 6 H 5 NÁBH 3 , and compares well with previously described Shimoi-type complexes. 11, 12 The coupling constant of the CH 2 -Pt protons with 195 Pt of 93 Hz is similar to that of complex 3b. A definite proof of the nature of this compound came from the solid-state structure obtained by X-ray diffraction studies. Colourless crystals suitable for this analysis were obtained by slow diffusion of a concentrated solution of 3c in CH 2 Cl 2 into pentane at 0 1C. Fig. 1 depicts an ORTEP-type view of the cation of complex 3c. The complex is fourcoordinated, with two N-heterocyclic carbene units in the expected trans arrangement (C(1)-Pt(1)-C(12): 168.38(19)1) one of which is cyclometalated. The fourth coordination site is occupied by the C 6 H 5 NÁBH 3 ligand in which one of the hydride atoms of the BH 3 unit bridges the platinum nucleus. The Pt(1)-H(1B) and H(1B)-B(1) bond distances are 1.96(5) and 1.03(2) Å, respectively.
The Pt(1)-H(1B)-B(1) angle of 147.48(485)1 together with the long Pt(1)Á Á ÁB(1) bond distance (2.8436(5) Å) indicates a negligible interaction between platinum and boron, and therefore this complex is best described as a Z 1 -BH or Shimoi-type complex.
12,13
Variable temperature NMR spectroscopy was used to study the dynamic behaviour due to exchange between bridging and terminal BH protons. The resonance for the BH 3 protons collapses into the baseline at ca. 223 K. Upon cooling to 203 K, a new signal of relative integral 2 appears at 2.47 ppm, in the expected region for terminal BH protons. Nevertheless, at this temperature, the signal corresponding to the Pt-H-B proton is not discernible.
14 Further cooling to 183 K provided evidence for a very broad resonance at ca. À4 ppm (approx. , respectively, the highest reported to date. The process takes place through the initial coordination of the BH protons of amine-boranes to the platinum centre in an end-on mode (Shimoi type) that was demonstrated crystallographically in the pyridineÁBH 3 adduct 3c. Ongoing efforts are geared towards unveiling the mechanism by which amino-boranes are transformed into diaminoboranes.
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